Introduction
Many mammals, turtles, and Wsh species of the world's oceans are in dire straits due to overexploitation (Jackson et al. 2001; Ellis 2003; Pauly and Maclean 2003) . However worrying that is, inhabitants of the shallow parts of the oceans, areas exposed during low tide ("wadden"), suVered the same fate. In the last century, the European Wadden Sea lost structuring organisms like Sabellaria-reefs, inter-and subtidal Zostera meadows, and Ostrea edulis beds, due to overexploitation, diseases, and destruction (Reise 1982; Riesen and Reise 1982; Airoldi and Beck 2007; van Katwijk et al. 2009 ). The major diVerence between the open oceans and the intertidal Xats is that the former had a greater share of attention, such that there is a general appreciation of their historical richness (e.g. Ellis 2003; Pauly and Maclean 2003) . For a shallow area like the Wadden Sea, such synthesis, and the awareness that follows from it, is much more limited (but see Reise et al. 1989; Jensen 1992; Piersma 2006) .
In the German and Danish parts of the Wadden Sea, there is a tradition of retrospective benthic analysis, that is comparing benthic biota from samples collected in the Wrst half of the twentieth century (e.g. Thamdrup 1935; Linke 1939) with data from the same areas collected more recently (Riesen and Reise 1982; Reise et al. 1989 Reise et al. , 2008 Jensen 1992 ). The aim of these studies is to show the proor regression an area has made over time, where the older benthic samples are treated as a baseline against which "change" is measured (Reise et al. 1989 ). The idea is that these data from the Wrst half of the twentieth century represent a situation before the onset of, for example, increased eutrophication (Perus and BonsdorV 2004) , increased human disturbance (Riesen and Reise 1982) , or intensiWed erosion (Reise et al. 1989) .
For the Dutch part of the Wadden Sea, apart from assessments of extinctions and human exploitation of species (WolV 2000 (WolV , 2005 , such kinds of historical reviews are not available, despite the fact that long-term benthic sampling programs have been carried out continuously since the 1970s (e.g. Beukema 1982; Zwarts and Wanink 1993; Essink et al. 1998) . This is probably related to a mismatch between the geographical locations of these monitoring programmes at Balgzand (Beukema 1982) and coastal Groningen (Essink and Beukema 1986; Zwarts and Wanink 1993) , and the locations of historical benthic studies in other parts of the western Wadden Sea (van der Baan et al. 1958; Kristensen 1957 ; but see Kuenen 1942) . However, a "recent" (since 1996) benthic sampling programme, designed to monitor food for benthivorous shorebirds like red knots (Calidris canutus) and bar-tailed godwits (Limosa lapponica), covers most of the intertidal area in the western Dutch Wadden Sea (Piersma et al. 1993; van Gils et al. 2006b; Kraan et al. 2007 Kraan et al. , 2009 ), thereby oVering a possibility for comparisons that we exploit here.
The aim of this study is to compare macrobenthic communities of two intertidal areas just south of Vlieland, i.e. Posthuiswad and Staart van Schieringhals (Fig. 1) , in the 1930-1950s and from 1996 to 2005. These areas were well known for their richness of benthos, e.g. cockles Cerastoderma edule and mussels Mytilus edulis (Kreger 1940; Verwey 1952; Kristensen 1957) , whereas nowadays Staart van Schieringhals in particular is nearly devoid of benthic life (pers. obs.). Since understanding the current state of an area may best be enhanced by reXection against a historical background (Riesen and Reise 1982; Reise 1995; Jackson et al. 2001) , we not only focus on recent changes but also try to paint the former richness of these areas, i.e. a benthic baseline.
Study areas and methods
In July-September 1996-2005, we collected benthic samples at Posthuiswad and Staart van Schieringhals (Fig. 1 ). This was done over a pre-determined 250-m grid (Fig. 1) , on foot during low tide or by boat otherwise. To locate sampling sites, we used hand-held GPS (Garmin 12 and 45; Garmin Corporation, Lenexa, Kansas, USA), where subsequently a core (1/56 m 2 ) to a depth of 20-25 cm was taken. After sieving over a 1-mm mesh, all fauna were counted and recorded. Crustaceans and molluscs were collected in plastic bags and stored at ¡20°C for later analyses in the laboratory (see Piersma et al. 1993; Kraan et al. 2007; van Gils et al. 2006a van Gils et al. , b, 2009 . Additionally, within each km 2 , a sediment sample was collected ( Fig. 1 ) and analysed with a LS Coulter Counter (Zwarts et al. 2003; Bocher et al. 2007 ). Based on the descriptions and maps given by Kristensen (1957) and van der Baan et al. (1958) , we matched the geographical extent of both areas as close as possible to theirs (Fig. 1) . For Staart van Schieringhals, we validated our extent by comparing the positioning of the buoy closest to this area (IN1) in 1910 (Hoek 1911 ) with a recent map. This buoy still resided at its original location, which indicated that our placing of Staart van Schieringhals matched the historical one.
Although exact sampling locations are not given by van der Baan et al. (1958) , their detailed portrayal of the sampling sites at Posthuiswad (sampled during the summer of 1956) made a similar division in zones possible by clustering sampling stations (Fig. 1) . These zones were as follows: (1) border between salt marsh and mudXat, i.e. "Schor", (2) Vliehors high intertidal, (3) Vliehors low intertidal, (4) coast near the island, (5) Posthuiswad high intertidal, and (6) Posthuiswad low intertidal. They also recorded densities of macrofauna just opposite the gully (7). Van der Baan et al. (1958) , while sampling to a depth of 30-40 cm with a standardized core and small-meshed sieve, focussed on common species only (C. Swennen, pers. comm.). Thus, species not dealt with were not necessarily absent but were uncommon or rare. We could, however, compare average densities per zone for the species that they recorded and their present occurrence in those same zones.
The historical data presented by Kreger (1940) and Kristensen (1957) of the Staart van Schieringhals focussed on cockles and mussels only and gave information on sediment characteristics. Since we suspected that, unlike the early studies of Posthuiswad, only areas with high abundances were sampled, we gave mean densities and maximum observed abundances during summer 1996-2005. Kreger (1940) dug up all sediment within a square frame and Kristensen (1957) At the Staart van Schieringhals, the median grain-size, based on samples collected between 1932 and 1955 (Postma 1957) , was on average 100 m. Kreger (1940) , who sampled the area in 1937, mentioned the sediment as being "very Wne sand" with a median grain-size of 106 m. Kristensen (1957) , using samples from 1948 (but from the same data-set as Postma) reported median grain-sizes ranging between 87 and 104 m. Zwarts et al. (2003) 
Results

Posthuiswad
The intensive sampling south of Vlieland by van der Baan et al. (1958) resulted in a detailed description of the zoned abundances of common species (Table 1) . Corophium volutator and Hydrobia ulvae occurred in high densities throughout the area (Table 1 (Table 1) .
In 1939, Kreger (1940) visited a number of large cockle beds just south of Vlieland, 1 km oV the coast. He encountered a maximum density of 1,100 adult cockles per m 2 , while spat (i.e. "young-of-the-year") was present with 2,500 individuals per m 2 . Cockles were so dense here that their shells dented during growth (Fig. 18 in Kreger 1940) . Mussel spat was abundant over much of the area. When van der Baan et al. (1958) visited presumably this area in 1956, they failed to Wnd cockle beds (Table 1) , probably due to three severe winters prior to 1956 (van der Baan et al. 1958) . The next year (1957), cockle beds were present again.
Staart van Schieringhals
For the Staart van Schieringhals area, from the low water line onto higher parts of the mudXat, Kreger (1940) Kreger (1940) nicely visualized this by stating: "Where cockles were lying densest, the bottom seemed paved". Also there were beds of M. edulis (see Fig. 16 in Kreger 1940) , as well as another large cockle bed a little bit further south. The highest cockle densities occurred higher 18 (169) 17 (168) 151 (2,825) 109 (1,864) (0) 17 (404) 8 (455) 19 ( (57) 1 (57) on the mudXat, where also the Wnest sands were present. At his next visit in summer 1939, both cockle beds were all but completely turned into large mussel beds with an elevation of 75-100 cm (Kreger 1940 (Kristensen 1957) . These abundances most likely refer to spat only, since after the severe winter of 1946-1947, cockles were almost exterminated from the intertidal mudXats (Kristensen 1957) . Using two diVerent sets of sampling stations (locations not given), Kristensen (1957) (Kristensen 1957 ). During summer 1996-2005, we encountered a mean density of just 0.6 adult cockles per m 2 and 0.1 mussels per m 2 . In this 10-year period, the highest encountered density at any sampling location for both species was 58 individuals per m 2 .
General pattern
The general pattern emerging from these comparisons was a general decrease in molluscs, as well as a reduction in the crustaceans (Table 1) . Polychaetes also changed; in 1996-2005, there was no particular species that really dominated, but several species commonly occurred (Table 1) . This can be illustrated by plotting the densities of species recorded in 1956 at Posthuiswad against those same species in 1996-2005 ( Fig. 2a-c) . A two-tailed sign test conWrmed that polychaetes as a group remained stable (P¸0.05), whereas crustaceans and molluscs generally declined (P · 0.05). Most observations were below the line that marked equal densities (Fig. 2a-c) . Above the line were, for example, S. armiger at Vliehors low intertidal (Fig. 2a) , Bathyporiea sp. (Vliehors high intertidal) in one zone (Fig. 2b) , and Hydrobia ulvae at Posthuiswad high intertidal (Fig. 2c) . Trends over time, from 1956 to 2005 (Fig. 3) , showed that molluscs and crustaceans decreased, while polychaetes remained "stable" (Fig. 3) . Note that H. ulvae was excluded as they would obscure the trends. For example, in 1997, their mean density was enormous (13,484 ind. per m 2 ), whereas in 2003 and 2004, they were absent.
Discussion
The Wrst hurdle in retrospective analyses is Wnding ways in which diVerent historical data-sets can be compared in unbiased ways. Usually, the documentation of historical data is brief and does not contain many methodological details. This means that a conservative approach has to be taken towards using these data-sets (Reise et al. 1989 ). For example, van der Baan et al. (1958) only gave densities of common species, which conWned the comparisons to exact these same species. Kreger (1940) did not state sampling depth, but then he only focussed on C. edule and M. edulis, which both are living close to or on the surface (e.g. Smidt 1951; Verwey 1952 ). This, therefore, imposes no limitations. Within the limits set by the historical data, it is clear that benthic communities of the two intertidal areas have become much poorer over the last half century. Staart van Schieringhals lost its large cockle and mussel beds, while at Posthuiswad both molluscs and crustaceans decreased, although polychaetes diversiWed (Table 1; Figs. 2, 3 ). It appears that smaller bodied macrozoobenthic species have been Xourishing recently, whereas many larger bodied, long-lived species all but disappeared. As documented for other parts of the Wadden Sea, polychaetes are taking over (sensu Reise 1982; Beukema 1991; Lotze et al. 2005 ). This impression, however, is created by the large decrease in molluscs and crustaceans and not so much by an increase in polychaetes (Fig. 3) .
The observed changes are likely to reXect a whole array of factors that need to be assessed within a pluralistic framework (Reise 1995; ScheVer et al. 2005) . Nonetheless, we believe that two factors, eutrophication and the mechanical harvesting of shellWsh, warrant discussion (see also Beukema and Cadée 1997; Piersma et al. 2001; van Raaphorst and de Jonge 2004; van Gils et al. 2006a; Kraan et al. 2007 ). Nutrient levels rapidly increased since the 1950s (de Jonge et al. 1993; van Raaphorst and de Jonge 2004) and in parallel the biomass and abundance of macrozoobenthos more than doubled (Beukema 1991; Beukema and Cadée 1997) . The general consensus at the time was that intertidal benthos had been food limited up to that point (Beukema 1991; Beukema and Cadée 1997; Beukema et al. 2002) . However, nutrient loadings decreased since the 1990s (Cadée and Hegeman 2002; van Beusekom 2005) , and unexpectedly, total biomass still continued to increase (Dekker and Waasdorp 2007; Kuipers and van Noort 2008) . Moreover, large and persistent mussel beds, oyster reefs and cockle banks formerly existed in the western Dutch Wadden Sea, including our study areas, prior to increased nutrient levels (Hoek 1911; Kreger 1940; Verwey 1952; Kristensen 1957; van der Baan et al. 1958) . If, however, nutrients limited the development of new mussel and cockle beds in the western Dutch Wadden Sea, why did they not proWt from eutrophication when food was no longer limiting? In the German, and possibly the Danish Wadden Sea, for example, mussel beds increased under mild eutrophication (Reise et al. 1989; Jensen 1992) .
Commercial harvesting of mussels and cockles in the western Dutch Wadden Sea dates back to at least 1884, a year when 2,068 kg of cockles were landed (Hoek 1911) , and 1870 when the export of mussels to Belgium and England started, as well as a Wshery for mussel spat (Hoek 1911; Dijkema 1997) . In 1949, already 15 million kg of mussels were collected, which was an estimated one-third of the total biomass present (Verwey 1952) . After 1970, cockle-Wsheries developed from a small-scale Wshery to an industry with 24 ships actively dredging for cockles with suction dredges (Dijkema 1997) . Since that time, both the Staart van Schieringhals and Posthuiswad have been dredged on several occasions (Zwarts et al. 2003; van Gils et al. 2006a; Kraan et al. 2007 ), until mechanical cockledredging was outlawed in 2003 Swart and van Andel 2008) . In 1990, nearly all intertidal mussels and cockles were harvested (Beukema and Cadée 1996; Beukema et al. 1998) . Following this, in 1993, catches were regulated and some areas were closed from Wsheries (Smit et al. 1998; Zwarts et al. 2003) , but intertidal mussel beds and cockle banks never recovered in the areas open to Wsheries (Smit et al. 1998; Herlyn and Millat 2000) . Furthermore, in some closed areas like Posthuiswad, mussels have not re-established either (Piersma et al. 2001; Kraan et al. 2007; this paper) . Note that hand-harvesting of cockles is still allowed in these areas. Our work has suggested that mechanical dredging has changed sediment characteristics (e.g. grain-size, but other characteristics as well) and negatively aVected recruitment (Piersma et al. 1993 (Piersma et al. , 2001 van Gils et al. 2006a) .
Currently, the Wadden Sea may rank among the more degraded coastal seas worldwide (Lotze et al. 2006) , mostly due to habitat destruction and overexploitation (WolV 2000 (WolV , 2005 Lotze et al. 2005 Lotze et al. , 2006 . So far, there are few signs of recovery, which may imply that the longterm multiple impacts have reduced the system's resilience (Piersma et al. 2001; Lotze et al. 2006) . Attempts since 1991 to restore low intertidal Zostera marina beds in the western Dutch Wadden Sea have failed (van Katwijk et al. 2009 ), M. balthica numbers continue a decline ), and intertidal mussel beds have not returned this study) . This means that the area currently is in a state far from its historical baseline (Lotze et al. 2006) . If the western Dutch Wadden Sea has been -term (1996-2005) trends presented as arithmetic means across zones of equal weighting, at Posthuiswad of polychaetes, crustaceans, and molluscs, respectively. H. ulvae was excluded from molluscs (see Table 1 for densities and "Results" for explanation). The groups are determined according to Table 1 . That is, for each zone the species occurring in 1956 and those same species in 1996-2005 were used. Note the time-step on the x-axis, and the log-scaled y-axis moved to another alternative stable state (sensu ScheVer et al. 2001; ScheVer and Carpenter 2003) over the last half century, what is necessary for its former richness to be restored?
